the pattern of various clear spaces in the histologic preparation is printed on the photographic emulsion. This pattern is utilized for subsequent alignment of tissue section and radioautograph. The method permits accurate localization of alpha radiating deposits and careful histologic search for radiation damage to nearby cells.
OBSERVATIONS
All rabbits gained weight and appeared healthy throughout the experimental period. The significant hematologic observations in the rabbits maintained for four and nine months following injection are summarized in Charts 1 and 2. All rabbits showed a distinct tendency toward a macrocytic anemia. The blood hemoglobin concentration diminished only slightly but there was a marked drop in total red blood cell count. No significant changes were noted in reticulocyte counts or in leukocyte and differential counts.
Histologic studies showed rapid phagocytosis of Thorotrast by cells of the reticuloendothelial system, particularly in liver, spleen, and bone marrow. Phagocytosis Figures 1, 2, --bi e Effectiveness of thorium dioxide as an alpha emitter SCHAEFER, GOLDEN in liver, the change was more prominent in the bone marrow and the spleen. In the latter, tremendous conglomerate deposits formed.
The large deposits of Thorotrast appeared to be quite bland. Occasional disintegration of reticuloendothelial cells was noted, particularly in the liver. This degeneration was associated with slight lymphocytic infiltration but appeared to heal without scarring.
The organs examined at the end of nine months showed few changes other than the large deposits of thorium dioxide. The bone marrow appeared normally cellular. The architectural pattern of the liver was well maintained and there was no evidence of significant fibrosis. The tremendous deposits in the spleen made evaluation of fibrosis difficult but this appeared to be at most minimal. With a single exception (vide infra) there were no abnormal findings in other organs that contained less thorium. No instances of neoplasia were encountered in any of the material studied.
Radioautographs permitted localization of the most active deposits of thorium and careful study of nearby cells for evidence of radiation injury. Figure 4 shows a section of bone marrow together with its radioautograph. The alpha tracks seen in the autograph can be localized in the group of Thorotrast-laden cells in the lower portion of the photomicrograph. It is apparent that the energy of the alpha particles is being released largely within the thorium deposits and that little, if any, is reaching the surrounding hematopoietic tissue. Figure 5 shows a section of liver and its radioautograph. A source of intense alpha radiation, a "star center," is seen in the radioautograph and can be localized in a Kupffer cell of the liver. Most of the emanations of thorium appear as scattered single tracks. Foci of intense activity such as shown here are an only occasional finding but provide an unusual opportunity to search for cellular injury. The liver cells surrounding the active deposit in Figure 5 show no evidence of injury. All similar star centers encountered were subjected to detailed histologic study. In the vast majority of instances, the radioautographic studies suggested that the peak of ionization dosage was dissipated in the large thorium masses themselves and that only a small proportion of the total dosage reached the surrounding cells. In only one instance, to be reported,2 did we observe injury to a single intestinal mucosal cell adjacent to a star center of alpha radiation. It is significant that this solitary example of cell damage was in relation to a minute extracellular thorium deposit rather than one of the large reticuloendothelial deposits.
The alpha activity in the various organs was determined from track counts of the radioautographs. Chart 3 shows the alpha dosage rates ex-pressed in roentgens equivalent physical per day for spleen, bone marrow, and liver. Chart 4 shows the total dosage released in these organs during the indicated experimental periods.
DISCUSSION
Thorium is primarily an alpha emitter. The thorium disintegration series includes six alpha emitters and four beta emitters, but the total energy of the alpha emitters is more than 10 times that of beta emitters.! The specific ionization, i.e., the energy dissipation per unit path length, is much higher CHART Thorotrast,' it is of interest that this has been accomplished only with extravascular injection where a highly effective tissue dosage of alpha radiation can be applied at a local site. We found only a single isolated example of cell injury related to thorium deposition, and in this instance, the deposit was minute in size and extracellular in location.2 It is apparent that there is a major inconsistency between the total dosage of alpha radiation shown in Chart 4 and the lack of morphologic evidence of radiation injury that would be expected with the application of such heavy dosage to the body cells. The key to this discrepancy lies in the size of the thorium deposits. The large deposits limit the effectiveness of alpha radiation, and their progressive enlargement during the nine-month period results in a progressive decrease in effective radiation.
The tissue ranges of alpha particles emitted by the thorium series vary between 35 and 113 micra. By virtue of its density, thorium itself would have a "stopping" effect greater than that of tissue. If we assume that the intracellular deposits consist of thorium dioxide plus protective colloid, we obtain a specific gravity for these deposits of 2.25. This would mean that the range of the alpha particles in the deposits proper would be 76 per cent of that in tissue. Preliminary electron microscope observations of Thorotrast deposits, however, suggest that thorium may comprise one-half of the deposits. If this is the case, the range of the alpha particles within the deposits would be considerably less.
The size of the Thorotrast deposits indicates that a large part of the total alpha energy is dissipated in the material of the deposits and is conse- suggest that a more prolonged experiment might reveal morphologic evidence of significant radiation injury. The macrocytic anemia shown by all of the rabbits maintained four or nine months after injection is difficult to interpret. Similar changes in hematologic pattern have been described previously. Reeves and Stuck' gave doses of Thorotrast of 40 cc. per kilo to rabbits and observed an erythroblastic anemia without reticulocytosis. They considered this anemia consistent with changes related to the presence of a colloidal substance in the bone marrow rather than due to its radioactivity.
SUMMARY
Colloidal thorium dioxide (Thorotrast), administered intravenously to rabbits, accumulated in progressively larger deposits in reticuloendothelial cells, principally in the liver, spleen, and bone marrow. These deposits appeared to be quite bland and no evidence of hepatic fibrosis or instances of neoplasia were observed nine months after injection. Radioautographic studies indicated that a significant proportion of the energy of alpha radiation released during the experimental period was dissipated within the thorium deposits themselves and was ineffective for tissue dosage.
